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Comparative Studies of the Mutagenicity of Environmental 
Tobacco Smoke From Cigarettes That Burn 
or Primarily Heat Tobacco 

B. Reed Bombick,’ J.T. Avalos, P.R. Nelson, F.W. Conrad, and D.J. Doolittle 

Research and Development, R.J. Reynolds Tobacco Company, 
Winston-Salem North Carolina 


The jnurogeniciry of particulate matter concentrated 
from environmental tobacco smoke (ETS) from a 
prototype cigarette that primarily heats tobacco 
was compared to that of four popular commercially 
available cigarettes that burn tobacco- £T$ was 
generated by six individuals simultaneously smok¬ 
ing 1 cigarette each in a 20-min time period in a 
45 m 3 environmental chamber operated in the static 
mode (without ventilation}. Respirable suspended 
portides (RSP) were collected an polyteirgfleoro- 
ethyfene (PTFE) filters at a flow rate of 3 LPM for 
120 min Less ETS-R5P (86-90%) was emitted by 
rhe prototype tobacco-heating cigorette than by the 
tobacco-burning cigarettes. RSP was extracted from 
tne filters by sequential sonication in acetone ond 


dichloromethane The acetone extract was dried un¬ 
der nitrogen and the dichloromethane filtrate was 
added and then dried to ODtain ET5-RSP for testing 
Mutagenicity was assessed in rhe micrasuspension 
modification of the Ames Saimonelta/micrasome 
assay wnh strains TA98 and YGI024 in ihe pres¬ 
ence of 5% 59 metabolic activation. The results 
show that the mutagenic activity of RSP from the 
prototype cigarette was reduced by 7 5-33% on a 
per-mg bosis when compared to the commercially 
available cigarettes and wa; reduced by 96 93% 
when calculated as revertants/m 3 air under ioenti- 
cal smoking conditions environ Moi Mutagen. 
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INTRODUCTION 

Environmental tobacco smoke (ETSi consists of a mix¬ 
ture of aged and diluted sidestream smoke emitted from 
the burning end of a cigarette, combined with aged and 
diluted mainstream smoke exhaled by the smoker Partic¬ 
ulate matter concentrated from sidestream smoke or ETS 
has been reported to be mutagenic in the Salmonella/ 
mammalian microsome (Ames) assay [Lofroth and La- 
zardis. 1986: Claxton et al.. 1989: Nardini et al.. !994|. 
R.J. Reynolds Tobacco Company has developed a new 
cigarette (TOB-HT) which primarily heats tobacco and 
bums only a small amount of tobacco (Fig. 1 1. The TOB- 
HT design consists of tobacco rolled in paper with a 
standard cellulose acetate tiller. Combustion is contained 
within a small portion of the cigarette at the lit end. i.e.. 
a carbon heat source. During smoking, tobacco flavors 
and added glycerin are vaporized from the heated tobacco 
rod to form the smoke aerosol. This design greatlv reduces 
the amount of sidestream smoke produced by the lit end 
and the particulate matter in the mainstream smoke is 
approximately 809/ glycerin and water compared to 8097 
particulate mutter i including waier and glycerin i in a 
ty pical cigarette. Taken together, these design changes 
would be expected to reduce both the quantity and the 
mutagenicity of the ETS paniculate matter from this 
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cigarette. The objective of the current study was io test 
this hypothesis. 

The biological activity of mainstream smoke conden¬ 
sate from this new cigarette has been evaluated in an in 
vitro toxicology battery including the Ames Salmonella 
mutagenicity assay, sister chromatid exchange, chromo¬ 
some aberration, and cytotoxicity in Chinese hamster 
ovary cells. In each of these assays the biological activity 
of smoke condensate from the TOB-HT cigarette ts sig¬ 
nificantly reduced compared to tobacco-burning cigarettes 
[Bombick et al.. in press]. In addition, a four-week study 
in smokers determined that when smokers switch to to¬ 
bacco-heating cigarette-, they void urine which is signifi¬ 
cantly less mutagenic than urine voided when smoking 
their usual brand of cigarettes ISnuth et a!.. 1996|. 

The objective of this study was to compare the mutage¬ 
nicity of concentrated ETS respirable suspended particles 
(RSP) from ihe TOB-HT cigarette to that ot four commer¬ 
cially available cigarettes representing full flavor is 14 
mg "tar"), full flavor light (7-14 mg "tar"), and ultra- 
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Fig. 1. Schematic of a cigarette that pnmanly heats rnbacco. 


low i c7 mg cigarettes in the microsuspension 

modification of the Ames Saimoneiia/rmcrosome assay. 

MATERIALS AND METHODS 
Cigarettes 

The TOB-HT prototype cigarettes were obtained from R J Reynolds, 
the four com mere i alls available cigarettes were purchased at retail The 
cigarettes tested are desenbed in Table I. The cigarette* were character¬ 
ised as full flavor ( 5r 14 mg tar“ i. full flavor light ■ :i me tar'-, 
or ultra-low t<7 mg ‘Tar'i. 


Environmental Chamber 

Collection of RSP for the assay was earned out m j • 
environment test chamber 1 Nelson et al., in prex-*!. 1 '■<. 
of ihe chamber are stainless steel f floor, rectrculainm -' • 
on polyester ponder coat over steel (walls and con mi. 
relative humidity, and ventilation can be precise is 
chamber Chamber supply air is dehumidified jnd iru*n 
charcoal and HEPA tillers. 

In order to generate an ETS concentration high r • 
sufriaem RSP tor analysis, the chamber w as operated r 
tno ventilation or recirculationi. To achieve the tarec’ 
24 l 'C and relative humidity of 50ft. the chamber lempeui.. 
humidity were regulated at 20 s C and RH prn-i 

each run. 



Smoke Generation 

To obtain representative results, human smokers generated ETS :n 
the chamber. In th.s wjy. true ETS ia combination of both aged and 
diluted sidestream and exhaled mainstream smokei was introduced ,n 
the chamber. 

Whenever possible, the smokers smoked their normal nratulsiyie m 
uR experiment. For example, o an $5-mm box style of a particular prand 
of full-flavor cigarette was smoked m the chamber, then smokers who 
normally smoked that exact brand style were recruited to generate ETS. 
Tor TOB-HT cigarettes. >mokers received product one week in advance 



TABLE I, Description of Cigarettes 

Cigarette Descripnon 

Test cigarette which primarily heats lohjcco 
rull-rlavor 85 mm 
Full-flavor light mm 
Full-flavor light |w> mm 
Ulra-fow far 100 mm 


"Prototype cigarette obtained from R.J. Reynolds Tobacco Co.. Winston- 
Salem. VC. 

'Purchased at retail. 


rOB-HT 1 

FP- 

hTLr 

|Of)>’ 

CLT 


of the test and substituted it for their norm a I brand .so that they could 
become accustomed to the cigarette 

To ensure sufficient mass of sample for analysis, particularly wirh 
The TOB-HT cigarette, very high levels of ETS concern rat ions were 
necessary. To generate the ETS levels, six smokers entered the clumber 
Following a 10-min background collection period, the smokers each lit 
one cigarette. They then smoked the cigarette ad libitum until the ciga 
retie was consumed (to a line • mm from the overwrap tor commercially 
available cigarettes and no funner smoke aerosol for TOB-HT). Ai 20 
min. the smokers exited the chamber, which was then reseated. Sampling 
pumps for ET5-R5P samples started at this point. The -.ample collection 
time was 120 min. For each cigarette tested, five repiicate chamber runs 
were performed. 

Sample Collection 

Samples for gravimetric RSP analysis were collected on preweighed 
57 mm Fiuoropore* 4 ipolytecrafluoroethylene) filters iMilLipore. Milford. 
MA). An inertial impacior with a 2.5 um cur point was used upstream 
of each filter. A sample flow rate of —3.2 liters/mm was used. Six 
tillers tor Ames analysis were collected during each chamber run w hen 
commercial cigarettes were smoked and len were collected during blank 
.aid TOB-HT runs. At ;he completion of the experiment, filter weights 
actc analyzed according to the method of Ogden et ai. fl'Wfd. Data 
were also checked to determine if there were any problems with the 
collection of particles on any specific rilier (previous experience hjv 
shown that some filter cassettes may leak during samplingi Filters with 
RSP level* ihat differed by more Than 20'T from che mean RSP level 
tor a given run were discarded. Following reweiehing. all filters were 
scored in a freezer u ~ 7 <> ; C until they were extracted, 

Additional analyte concentration*; were determined using both reai- 
i-.mc and time-weighted average methodologies. Results arc descrmcd 
-.■!-e w he re m greater detail [Nelson et a!., in press). Analytes reported 
here include measurement Of total hydrocarbons with an FID analyser 
iCombustion Engineering model 840). Lewisbcrg. WVi. CO (Model 
48. Thermo Environmental. Franklin. MAi. and oxides of nitrogen 
.Model 4lH. Thermo Environmental. Franklin. MAi. Aldehydes were 
collected on Sep-Pak DSPH-siliea cartridges i Waters. Milford, M.\ = 
an J determined by the method of Risnor | HW5|. Phenols were collected 
.>n a combination of one mm. 0.8<l. or 0.45 uni pore size. mixed 
cellulose ester membrane filler iSKC. Eight Four. P.A) and one silica ee! 
cartridge ■ Waters. Milford. Mai m senes and analysed by the method ot 
Risner ) ldd?|. Nicotine and 5- c «.hynM pyridine were collected on WD- 
a'SKC, Eight Four. PAi '•orbent lubes and analyzed by CC with t/ienin- 
omc detection I Ogden et al.. 1W6). 


Extraction of ETS-RSP 

Different solvents for the extraction of air particulates for mutate nu 
as^sment have been reported in the literature. Lew-*as e: al. ; ■ . V S‘ 
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TABLE II. Description of Bacterial Strains Compared 


Bacterial strain 


Description 


TVJ>s no. 2tt\rB. hi*DM52. pKMIOl 
VGI02I TA9R with pYG2lb 

YG1024 TA9fi with pYG21‘> 

TAIOO no. Ah irtf. htsG-46. pKMKII 
YG 1026 TA tOl) w ith pYG21 h 

YG 1029 TAIfX) with pYG2l9 


Amo strain -c-n^tii^e to irumcshitt mutation-. 

TAOS derivative with pla.smtd-enhiin.cinc nitroreductase 
iictiMt; 

TAOS derivative with plasmid-entliiRCing t> acetyluanstcrase 

activity 

Ames strain sensitive to base pair subMituimn 
TAIOO derivative with plasmid-enhancing nnmreducta.se 
activity 

TA 100 derivative w ith plasmid-enhancing D-ucet\liransfera>e 
acto it? 


TABLE 111. ETS Concentrations of Selected Analytes From Blank, TOB-HT. and Four 
Commercially Available Cigarettes 


ETS component 

Blank 

TOB-HT 

Kb 

FFLT 

ti.Vb 

n.T 

RSP 

l!i : 4 

DU - ! 1 

i-?s = :» 

1545 - 20 

!706 = 23 

IP-; r. 

Acetaidehvde 

| t — ■> 

4b * 1 

515 r 13 

301 - :5 

3S4 z 20 

512 - x 

FID response ippm> 

0.15 - O 1)4 

0 JT = u iu 

2.6 r 0.2 

2.n •» 2 

3.0 r n 2 

2.s - 0 i 

NO. ippbf 

7 - 1 

24 z ! 

241 r KJ 

235 z .* 

266 ” 6 

_•' 11 - - 

3-Ethenyl pyridine 

O .'h - 

0.56 d (1.06 

25 - 1 

:s ; 1 

2S = 2 

54 *: 4 

Nicotine 

2.5 - 0.4 

4.5 = 0.6 

54 “ 6 

hj z n 

5-S r 9 

5 [ z 

Phenol 

56 r04 

4.0 ^ 0.5 

P.4 - 0.6 

16.T = 0.2 

20.0 z 0.2 

; 6 $ r. o : 

CO ippmr 

o .r = o.i.) i 

f 20 - 0.06 

b.5 z 0.1 

6.2 z 9.; 

'.9 i o.; 



All unil- jre ue/ni except as noted. I'allo'vetl by tuntltird errurs. 


and Kudo et al. [ 1991 ] used dichioromethane tor extraction or'airborne 
mutagens. Morin et al. (1987| conducted a study comparing the extrac¬ 
tion efficiency or dichioromethane. acetone, and methanol, and obtained 
the highest levels of mutagenic activity with ultrasonic agnation and 
acetone extraction. Lee et a!. {19911 concluded chat acerone was most 
effective in extraction of mutagens from airborne paniculate ’■amplev. 
Nielsen i 1992 [ reported that acetone may extract compounds from umoi- 
ent air particles that dichioromethane may not extract Krishna et al. 

| reported that sequential extraction with acetone lolloweJ by 

dichioromethane gave a belter mutagenic response than acetone alone. 
Due to these literature uncertainties, we conducted preliminary studies 
lo determine the most efficient method for extraction of ETS-RSP. FIS¬ 
KS? from full flavor tFF) commercial tobacco-bum mg cigarettes was 
collected on filters and extracted with either acetone, dichloru me thane, 
or sequential extraction in both acetone and dichimo me thane Mutage¬ 
nicity wa> assessed in the nncrosuspension modification ol ihe Ames 
assus using strains TA9S and YGI024. Extracts prepared by -t.meaison 
of fillers in acetone followed by sontcanon in dichioromethane had 
equal or greater mutagenicity than extract-* prepared m either acetone 
or dichioromethane alone (data not shown), confirming the report nr 
Krishna et at. [ W$3|. 

ETS-RSP was therefore exlracted from the fillers m this -luJv hy 
sequential sonication in acetone and dichioromethane. Filters were soni¬ 
cated tor 50 min in 20 ml of acetone. The tiller was removed rrom '.he 
acetone and then .sonicated tor 30 min in 20 ml of dichioromethane. 
The acetone extract was evaporated to dryness under a stream of nitrogen 
at 4>~C and the dichioromethane filtrate was added. The Jichiuronieih- 
ane was then evaporated to dryness and the final RSP extract wu.s re>u.s- 
pendeo m dimethyl >uifn\iJe at concentrations v>f I or In mg RSP/ml. 
Extracts were stored al -"'VC -rt the dark until a-’-ayed. 

Mutagenicity Anolysis 

Mutagenicity was assessed in the Siimonelia/microsonic a.vsjy 

;Moron and Arr.es. 19831 with ihe rnicrosuspension modification de¬ 


scribed by Kudo et al. JI983. I9$6|. The liver homo gen .lie used i:i vj 
preparations was obtained from Mol-Tox i Annapolis. MDt anJ prepared 
according to Ames et al. [1975- from male Spragoe-Duwley rats -h.ii 
were given a single 500 g/Vg injection, i.p. of Aroclor 1254 RSP c-’ii 
centrales were added to 12 ■ 75 mm tubes. Concentrated lexter or.im 
• concentrated 5.x in 0.02 M phosphate buffer from an overnight culture 
and S-9 mix or phosphate buffer was aJded Test tubes were incuiviicJ 
at while shaking ut 200 RPM for 90 min. Two ml of top ...mi 


containing histidine <0.5 rnMl and biotin '0 5 m.Mi was added and :n 
mixture was poured onto minimal glucose plates. Plates were .9 !*■•■*.• 
to incubate at 37 G C for up to "2 hr before revert anis vs ere '*.• 
Concurrent negative 'blank' and positive (2-anthramine. 0.025 u: p'-o* 
controls were performed with ail experiments. In addition, a mjiioji 
cigarette smoke condensate from Kentucky Reference cigarette :W- 
was used as an internal assay control on each day ot testing Re'-f>" , »< 
from 2-amhrjmme and IR4F were within established guidelines t.-i 
laboratory (data not showni. All testing was conducted with inn-- • 
plates at each dose level A positive response was denned as i - * 
dependent relationship with revert ant number double the nacWgr--. 
least vine Jose, Slope values • rex enacts per ug sample) were c-?% 
be a linear point-rejection model lBernstein et al.. 19$21. 

Initial assays were conducted with PE R$P to determine me 
test conditions tor the study RSP was assayed Jt concentration- 
2.5. 5. ~ 5. Iff. 15. and 2o a c per plate with O, !*”. and ft > ,j 
RSP was assayed with both tiamexhitt and base substitution 
TA9S and TAIOO as weii a-, with recently developed '■tram'- M 
YGIU24. YG1026. and YGI029. The 'l'G strains have inserted r 
that confer elevated nitroreductase iYG!02l. YGl026i or jwev« ‘ 
N-h\droxyarylamme fy-acety i transferase activity . YG !'-. : 2-. >i 
the 'trail's are described in Table ii. These are crams a men r., 
sucvessltdlv Used in airborne muragemeux .studies iHoux e; ' 

Moms -t al . 1995;. The additional acetyltransisrase provide-. *• -- 

detection of aromatic amines, while the additional rmroreuuv-.w 
proves detection -.'i nil mure PCs [Einistiv et al.. I 99 I 
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TA8LE IV. Reduction of Environmental tobacco Smoke 
Components of TOB-HT Cigarettes Compared to 
Tobacco-Burning Cigarettes_ 


ETS component 

r 't Reduction ut TOB-HT wigarecte 
relative to tobacco -burning 
cigarettes 

Respirable suspended panicles 

86-90 

Total hydrocarbons 

87-90 

NO. 

93-94 

Aldehvde.s 

86-9 ] 

Phenols 

>95 

Nicotine and etneny Ipyridme 

96-99 

CO 

it -30 


RESULTS 

The concentrations of representative ETS constituents 
were determined in the environmental chamber following 
smoking of cigarettes. Background measurements showed 
only trace amounts of RSP prior to the initiation of smok¬ 
ing. The TOB-HT cigarette produced 86-90% less ETS- 
RSP than the four reference commercial cigarettes, and 
specific ETS components were also significantly reduced 
(Tables III. IVi. With the exception of CO (reduced 11 - 
30%) the average background-corrected reduction of all 
ETS components was at least 80%: (he majority of mea¬ 
sured chemical components were reduced by greater than 
90% (Tables III. IV) (Nelson et al.. in press|. 

In studies to select the most sensitive Salmonella tester 
strains for quantifying the mutagenicity of ETS-RSP. 
TA98. YGI024. and YGI026 showed positive responses 
(Fig. 2i. YG1024 had the greatest sensitivity to mutagens 
in (he concentrated ETS-RSP extracts. To optimise the 
-S9 concentration, RSP was evaluated in all -ix Mr.nns in 
the presence of 0, l, and 5% S9. Mutagenicity vvax great¬ 
est with 5% S9 in all six strains: data is shown with TA98 
and Y'GI024 only in Figure 3 

Based on the results of these assays, the final -tudy 
conditions were microsuspension modification of die 
Ames assay with 5% S9. strains TA98 and YG 11124. RSP 
from (he tobacco-burning cigarettes was tested up to 20 
or 40 ug/plate in five separate assays: RSP from the TOB- 
HT cigarette was tested up to 40 ug/plate in three separate 
assavs. 

The mutagenicity of concentrated ETS-RSP from 
TOB-HT was compared to that of the four tobacco-burn¬ 
ing cigarettes on both a revertant/mg ispecific activityi 
and calculated revertants/cubic meter basis. The mutage¬ 
nicity of ETS-RSP from TOB-HT cigarettes was reduced 
by 75-83% on a per-mg basis (Fig. 4) compared to the 
four commercially available cigarettes The mutagenic 
activity of RSP from TOB-HT was reduced by 96-98% 
when calculated on a rev ertunts/rn" basis (Fig. 5i com¬ 
pared to [he four commercially available cigaicttes. 


• A 



j B. 



0 * tO 15 <G 

ug P? RSPfp^te 


Fig. 2- Comparison of tester strains in the microsuspension assay of 
respirable suspended panicles iRSPl of full-flavored cigarettes with '<7 
$9 metabolic activation. 1 A 1 Strains TA98. YG 1021. and YG1024. Slope 
values ire Yeruius.ua RSPi are b.13. 4 1)2. and 32,13. respectively, t K i 
Strains TA100. YBi02b, and YG1029. Slope values i re vert ants/us RSP 1 
are 10.20. 5.89. and 5.54, :especti\els Results are from single assay> 
with triplicate plates per Jose. 

DISCUSSION 

The chemical composition and mutagenic activity Of 
ETS sienerated by human smokers was measured in this 
xmdv. Exposure conditions were selected to optimize a 
comparative study of the chemical composition and muta¬ 
genicity of concentrated ETS and to enable detection ot 
trace amounts of ETS components. In the present study, 
noncigarette smoke sources of RSP were eliminated as 
much as possible. Background analyses show ed only trace 
amounts of RSP prior io the initiation of smoking. The 
chamber was operated only in the static mode during the 
course of these studies. Thus, while the conditions ot this 
studs were selected io optimize the assessment ot ETS. 
ihe exposure concentrations were exaggerated relative to 
"real-life" exposures, in this study, the average RSP con¬ 
centration of the four commercially available cigarettes 
was 1.423 Llg/m while RSP from ihe TOB-HT cigarette 
was approximately 181 ug/m". A recent study found that 
actual ETS-RSP in smoking workplaces and homes were 
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ug FF RSP/Plate 


Fig. 3. Comparison at'the effect of SV concentration on the mutagenic¬ 
ity of respirable suspended particles iKSPi from full *tlu\ oral ciRarefies 
in the Ames microsuspension assay. Results are from single assays with 
triplicate plates per dose. 1 A 1 Strain TA98 wuh 0. 1. and ?*> Slope 
values trevertarus/pc RSPt are 0.97. 3.88. and 6 i redeem ei>. ift> 
Strain YXjIUM v.ith 0. I and 5 c ‘r S9 Slope values irevenaiitvuc RSPi 
are 1 t)2. 2™.0S, and 32.1."'. respectively. 


15.29 and 12.57 ug/nv. respectively (Heavner et al.. 
1996], In a review or data on indoor air published between 
19S0 and 1990. Holcomb reported mean differences in 
RSP concentrations between smoking and nonsmoking 
homes, offices, restaurants, and bars ranged from 2 I S to 
48.3 |tgfm' (Holcomb. 1993). Thus, the concentrations of 
ETS-RSP generated in these comparative studies were 
30-100 times higher than RSP commonly attributed to 
ETS in 'real life' environments. 

Based on the results of optimization studies. YGI024 
and TA98 were selected for the comparative studies. 
YG1024 showed greater sensitivity to the mutagens in 
concentrated ETS-RSP than TA9$. This enhanced sensi¬ 
tivity suggests that these mutagens require O-acetvllrans- 
ferase for activation (Watanabe et al.. 1990], TA9R was 
chosen as the second strain for two reasons: I) TA93 was 
effective in detecting mutagens in the ETS RSP particu¬ 
lates, and 21 TA9S is more widely used than the other 
rise .strains for the assessment of the genomxicity of to¬ 
bacco smoke condensates [Sato et al.. 1977; DeMarini. 



5 *0 20 25 50 55 *C 

jg RSP/plat* 


fig. 4. Muiaeenicily of respirable suspended parades iRSPl from rn- 
■-iromnrnlal tobacco smoke of a oiparene dial primanly heals lobacco 
and of commercially .waitable cicareues. Mutagenicity is expressed as 
resertanis/plme _ standard error. TOB-HT ETS was assayed in three 
wparaie assavs: ETS from commercially available cigarettes wj. jv. 
-ayed in tive separate assays. Assays were conducted in the Ames 
imcrosuxpension assav wail 5 r r .So metabolic aclivaiion. i Al Txbs , ft. 
YCilOM. 


1983: Steele et al.. 1995: Curvall and Enzell. 1984: Brun- 
nemann et al.. 1994], TA98 and YG1024 both detect 
trameshift mutagens. Reports in the literature (Sato et 
al.. 1977: DeMarini. !983| as well as experience in our 
laboratory [Doolittle et al.. 1990] indicate that the 
frameshift strain TA98 is more responsive to the muta¬ 
gens in tobacco smoke condensate than TAI00. which 
measures basepair substitution mutaaens. 

The objective of this study was to compare the mutage¬ 
nicity of ETS-RSP from the TOB-HT cigarette with that 
of commercially available tobacco-burning cigarettes. 
The observed reduction in mutagenic activity of ETS- 
RSP from the TOB-HT cigarettes relative to commer¬ 
cially available tobacco-burning cigarettes is a result of 
the actual changes in the chemical composition of ETS- 
RSP from the TOB-HT cigarette. The reduced mutagenic¬ 
ity of the chamber airirevertants/m‘) when TOB-HT ciga¬ 
rettes are smoked reflects both the changes in the chetmeai 
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TOB-HT FF FFLT 100s ULT 


Fig. 5. MuiJu'enK'il' of respirable suspended panicies i RSP. rrom en- 
sironmenul tobacco smoke ot a eiaaretie .hat pninarils heats tobaeeo 
and oi cun.merciully available cic.ireuev Assays were conducicp in the 

•\mes mierosusisensino assay with F't SO metabolic aetisalien Mucaee- 
nlens is e\pre--.ei.i as cesertams per cubic meter. > A • T .V-rs R ■ YG! ■'Oa 


composition of ETS-RSP and a reduction in the amount 
or ETS-RSP present in air. 

In conclusion, the results of our studies demonstrate 
that ETS-RSP from TOB-HT cigarettes is much less mu¬ 
tagenic than ETS-RSP from commercially available to- 
baeco-humtng cigarettes. 
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